Regioselective synthesis of bis(boryl)heteroaromatics was also achieved by using an almost equimolar amount of substrates and the diboron.
coupling between pin 2 B 2 10 (1) and heteroaromatic substrates (2) catalyzed by 1/2[IrCl(COD)] 2 -(4,4'-di-tert-butyl-2,2'-bipyridine) (dtbpy) in octane at 80-100 °C to
give the corresponding heteroarylboronates (3) in high yields with high regioselectivity (Eq. (1)).
<<Eq. (1)>>
The borylation of thiophene (60 mmol) with pin 2 B 2 1 (1.0 mmol) in the presence of a catalyst generated from [IrCl(COD)] 2 (0.015 mmol) and bpy (0.03 mmol) resulted in no conversion of 1 even after 16 h at 80 °C, 9 presumably due to the high coordinating ability of thiophene which strongly retards the formation of a coordinatively unsaturated iridium species active for C-H activation. The result prompted us to use an appropriate solvent inactive toward the C-H coupling. Indeed, the desired monoborylation product 3 was obtained in 64% yield when 10 mmol of thiophene was diluted in 6 ml of octane.
The dtbpy complex exhibited higher catalytic activity (83%) than that of bpy due to its higher solubility in octane. The selectivity of monoborylation versus diborylation depended on the relative stoichiometry of thiophene and 1. For instance, the use of 10 mmol of thiophene produced mono-and bis(boryl)thiophene in a ratio of 83:17. The ratio was decreased to 56:44 in the presence of 2.5 mmol of thiophene and improved to 93:7 when using 20 mmol of thiophene. However, the increase in concentration of thiophene retarded the reaction and gave only 69% yield. The borylation regioselectively occurred at the 2-position of thiophene in all cases.
The synthesis of mono(boryl)heteroaromatics 3 by the C-H coupling between pin 2 B 2 1 and representative heteroaromatic substrates 2 in the presence of a catalytic amount of 1/2[IrCl(COD)] 2 -dtbpy complex at 80-100 °C in octane is shown in Table 1 . 11 As for five-membered 2, not only thiophene (entry 1) but also furan and pyrrole regioselectively provided 2-borylated products 3 in high yields accompanied by diborylated products (ca. 15%) (entries 2 and 3). On the other hand, 2-methylthiophene selectively yielded a monoborylation product (entry 4). The selective monoborylation of benzothiophene, benzofuran, and indole was easily achieved because the second borylation of the aromatic ring was significantly slower than the first borylation at the 2-position (entries 5-7). Although the reactions of pyridine and quinoline were slow at 80 °C, the borylation smoothly proceeded at 100 °C (entries 8 and 9). Pyridine afforded a mixture of 3-and 4-borylated products (3h and 3h') in a ratio of 67:33, while quinoline exclusively yielded a 3-borylated product.
<<Table 1>>
As reported for arene C-H borylation, coupling at C-H bonds located ortho to substituents was very slow due to steric hindrance. 9 This effect allows a regioselective synthesis of 3-borylpyrrole and -indole by using N-substituted substrates. Although 1-methylpyrrole and -indole still showed preferential reactivity at the 2-position (76:24
and 89:11), sterically more hindered triisopropylsilyl derivatives reacted to provide 3-boryl isomers selectively (Eqs. (2) and (3)). 12 The triisopropylsilyl group can be deprotected by treatment with TBAF or CF 3 CO 2 H to provide isomerically pure 3-borylpyrrole or -indole. 13 <<Eqs. (2) and ( The borylation of these heteroaromatic substrates 2 most likely proceeds through tris(boryl)iridium(III) intermediates that were isolated by Marder, 15 Smith, 7 and Hartwig 9 and shown to give arylboronates upon thermolysis with arenes. A number of transition metal complexes are known to activate a C-H bond at the 2-position of 2.
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Therefore, C-H activation at the 2-position of 2 by tris(boryl)iridium(III) intermediates, followed by C-B bond formation is a reasonable mechanism for borylation of 2.
However, the regioselectivity of the borylation of pyridine and quinoline to give 3-borylated products is perplexing. One possibility is that an iridium complex or a boron compound binds reversibly to the basic nitrogen and both activates the substrate for reaction and blocks borylation at the 2-position. 
